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HARD COATING FILM FOR CUTTING
TOOLS

CROSS REFERENCE TO PRIOR
APPLICATIONS

This application 1s a National Stage Application of PCT
International Patent Application No. PCT/KR2014/007962

filed on Aug. 27, 2014, under 35 U.S.C. §371, which claims
priority to Korean Patent Application No. 10-2013-0107733
filed on Sep. 9, 2013, which are all hereby incorporated by
reference in their entirety.

TECHNICAL FIELD

The present invention relates to a hard coating film which
1s used for cutting tools and formed on a hard base material
such as cemented carbide or cermet. More specifically, the
present invention relates to a hard coating film having a
structure 1n which a lower layer formed adjacently on a hard
base material such as cemented carbide and an upper layer
formed on the lower layer are alternately laminated. The
upper layer has a nanoscale multilayered structure including
a thin layer A, a thin layer B, a thin layer C, and a thin layer
D, or has a repetitively laminated structure thereof such that
the toughness and wear resistance are both improved when
compared to a typical multilayered structure.

BACKGROUND ART

As industry tends toward precision, speed, and mass
production, there 1s a need for improving the cutting per-
formance and lifetime of cutting tools. In particular, during
high-speed cutting of a workpiece having a high hardness or
when cutting a diflicult-to-cut material having a low thermal
conductivity, high heat of at least 900° C. 1s generated
locally at an end of an 1nsert which 1s under friction with the
workpiece. By forming a hard coating film having superb
oxidation resistance and wear resistance on a cutting surface
of the insert, the lifetime of the cutting tool may be extended.

Typically, a single-layered hard coating film, such as TiN,
Al,O,, T1AIN, AITiN, or AICrN, having wear resistance,
oxidation resistance, or shock resistance, and the like, or a
multilayered hard coating film 1n which at least two of such
layers are laminated were formed on a base material of a
cemented carbide, a cermet, an end mill, or a drill, and the
like, to address the requirements related to workpieces
having a high hardness or diflicult-to-cut materials.

However, the hardness of workpieces 1s increasing and
demand for processing diflicult-to-cut materials having a
low thermal conductivity and a severe tendency to become
fused to tools 1s also increasing, and thus 1t 1s becoming
increasingly diflicult to respond to such demands merely
through the development of thin film compositions having
novel physical properties or through the use of simple
multilayered structures.

Accordingly, attempts to improve the cutting performance
through a method 1n which two or more nano-level thin films
having different physical properties are regularly and repeat-
edly laminated have increased recently.

For example, Korean Patent No. 876366 discloses a thin
film structure 1n which the erosion resistance and oxidation
resistance of the top layer are improved through a structure
formed by depositing an underlayer on 1nserts, end maills,
drills, or cermet tools, which are cemented carbide tools,
using physical vapor deposition (PVD) to improve the
adhesiveness and for crystal orientation 1n a (200) plane, and
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successively depositing a (T1,A)N multilayered thin film,
which 1s an intermediate layer and then a top layer composed
of an A layer, a B layer, a C layer, and a D layer, which are
composed of T1AIN or AI'TiSiN and have different compo-
sitions from each other.

Through such a multilayered structure, the wear resis-
tance and oxidation resistance may be improved, but devel-
opment of a hard coating film having a novel structure is
needed to improve the various properties such as wear
resistance, shock resistance (toughness), and chipping resis-
tance which are needed for the cutting process.

For this, the present inventors, as disclosed in Korean
Patent No. 1284766, have disclosed a hard coating film
which 1s formed on the surface of a base material, the hard
coating film for cutting tools being characterized by having
a structure 1n which a first layer and a second layer are
alternately laminated, the first layer being composed of
Al,_Cr N (0.3=x=0.7), the second layer consisting of a
nanoscale multilayered structure or a structure in which the
nanoscale multilayered structure 1s repeatedly laminated at
least two times, the nanoscale multilayered structure includ-
ing a thin layer A, a thin layer B, a thin layer C, and a thin
layer D having thicknesses of 3 nm to 20 nm, the thin layer
A being composed of Al,___,T1_S1,N (0.3<a<0.7, 0=b<0.1),
the thin layer B and the thuin layer D being composed of
T1, Al N (0.3=x<0.7), the thin layer C being composed of
Al,_Cr N (0.3=z<0.7), and the aluminum (Al) content in the
thin layer A differing from the aluminum (Al) content 1n the
thin layer B.

Through the above described structure, the hard coating
film having improved toughness (shock resistance), chip-
ping resistance, and lubricity was obtained, but a hard
coating film that 1s further improved in terms of wear
resistance 1s needed.

DISCLOSURE OF THE INVENTION
Technical Problem

An object of the present invention 1s to provide a hard
coating film for cutting tools, the hard coating film being
improved overall in terms of toughness (shock resistance),
chipping resistance, lubricity, and the like, and in particular,
having a significantly improved wear resistance, and thus
capable of further extending the lifetime of the cutting tools.

Technical Solution

In order to overcome the above problem, the present
invention provides a hard coating film for cutting tools, the
hard coating film being formed on the surface of a base
material and having a structure 1n which a first layer and a
second layer are alternately laminated at least two times,
wherein the first layer 1s composed of a TiAl nitride having
a composition of T1,_ Al (0.3=a=<0.7); and the second layer
has a nanoscale multilayered structure or a structure in
which the nanoscale multilayered structure is repeatedly
laminated at least two times, the nanoscale multilayered
structure including a thin layer A, a thin layer B, a thin layer
C, and a thin layer D having thicknesses of 3 nm to 20 nm,
where the thin layer A 1s composed of an AlTiS1 nitride
having a composition of Al,_,__T1,51_(0.3=b=0.7), 0=c=<0.1),
the thin film B and the thin film D are composed of a TiAl
nitride having a composition of Ti1,_ Al , (0.3=d=<0.7), the
thin film C 1s composed of a AlCr nitride having a compo-
sition of Al,__Cr, (0.3=e=0.7), the aluminum (Al) content 1n
the thin layer A differs from the aluminum content in the thin
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layer B, and the nitrogen content in the first layer 1s greater
than the nitrogen content in the second layer.

Moreover, 1 the hard coating film according to the
present invention, in the first layer, the total nitrogen content
with respect to metallic substances may be (Ti1Al),_ N_
(0.4=x<0.6); and 1n the second layer, the total nitrogen
content with respect to metallic substances may be (AlTi-
CrS1), N, (0.1=y=0.5).

In addition, in the hard coating film according to the
present invention, when alternately laminating the first layer
and the second layer, the diflerence 1n the nitrogen content
may be controlled at regular intervals.

Moreover, 1 the hard coating film according to the
present invention, the ratio of the thickness of the first layer
to the thickness of the second layer (1,/1,) may be at least
0.1 and less than 1.0; and the thickness of the alternately
laminated structure of the first layer and the second layer
may be 1.0 um to 20.0 um.

In addition, 1n the hard coating film according to the
present invention, the nanoscale multilayered structure may
have the thin layers A, B, C and D which are laminated in
this order.

Advantageous Effects

Unlike a typical hard coating film, in a hard coating film
for cutting tools according to the present invention, the hard
coating film having an improved wear resistance compared
to a typical hard coating film may be obtained by using a
T1AIN based single layer as the single layer which 1is
alternately/repetitively laminated.

Moreover, by setting the nitrogen content in a first layer
which 1s composed of a single layer to be higher than the
nitrogen content in a second layer which 1s composed of a
multilayered thin film, and periodically repeating this, the
shock resistance, chipping resistance, lubricity, and also, 1n
particular, the wear resistance 1s improved such that the
lifetime of cutting tools 1s extended 1n various environments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view schematically 1llustrating,
the structure of a hard coating film according to the present
invention.

FIG. 2 1s a schematic diagram for describing an arrange-
ment of a target and a material to be coated which are inside
ol a coating furnace for forming a coating layer according to
an embodiment of the present invention.

FIG. 3 1s a table showing structures and compositions of
hard thin films according to examples and comparative
examples of the present invention.

FI1G. 4 15 a table showing results from component analyses
of hard thin films prepared according to examples and
comparative examples of the present invention.

FIG. 5 1s a table showing results from evaluations of the
crack resistance (toughness) of hard thin films prepared
according to examples and comparative examples of the
present invention.

FIG. 6 1s a table showing results from carbon steel milling
testing of hard thin films prepared according to examples
and comparative examples of the present invention.

FIG. 7 1s a table showing results from alloy steel milling
testing of hard thin films prepared according to examples
and comparative examples of the present invention.

FIG. 8 shows alloy steel group 3 partition plate milling
testing of hard thin films prepared according to examples
and comparative examples of the present invention.
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FIG. 9 1s a table showing results from carbon steel drilling
testing of hard thin films prepared according to examples
and comparative examples of the present invention.

FIG. 10 1s a table showing results from alloy steel drilling
testing of hard thin films prepared according to examples
and comparative examples of the present invention.

MODE FOR CARRYING OUT THE INVENTION

Heremaiter, exemplary embodiments of the present
invention are described in detaill with reference to the
accompanying drawings. However, the following exemplary
embodiments of the present invention may be modified as
different forms, and the scope of the present invention 1s not
limited to the embodiments described below. Embodiments
of the present invention are provided to better convey the
present invention to a person with ordinary skill 1n the art.
Moreover, 1t will be understood that dimensions or thick-
nesses of films or areas in the accompanying drawings may
be exaggerated for better understanding of the present
invention.

FIG. 1 1s a cross-sectional view schematically illustrating,
the structure of a physical vapor deposition (PVD) hard
coating film for cutting tools according to the present
invention. As illustrated, the hard coating film according to
the present invention 1s characterized by having a structure
in which a first layer (lower layer), which 1s formed on a
base material, and a second layer (wear resistant layer),
which 1s formed on the first layer, are alternately laminated.

The first layer 1s a thin film of which the main object 1s
improving the toughness (shock resistance), and the com-
position thereof 1s characterized by being composed of a
T1Al nitride having a composition of T1,_ Ala (0.3=a<0.7).
When a cutting operation 1s performed, a high temperature
and high pressure environment 1s formed on the cutting tool.
When the content (a) of aluminum (Al) 1s below 0.3, the
solid solution strengthening effect of Al 1s reduced, and thus
interatomic slip easily occurs 1n the high temperature and
high pressure environment such that wear and chipping
casily occurs. Consequently, the lifetime of the tool 1is
reduced. When the content of aluminum exceeds 0.7, the
crystal structure changes from fcc-Ti1AIN to hep-AlTiN, and
thus, since brittleness 1s increased such that the wear resis-
tance 1s reduced and chipping and damage, and the like,
casily occur, the lifetime of the tool i1s reduced. Therefore,
the content (a) of Al 1s desirably 0.3 to 0.7.

Moreover, the unit thickness of the first layer 1s desirably
0.01 um to 10 um.

The second layer 1s a thin {ilm which mainly improves the
wear resistance and 1s characterized by having a nanoscale
multilayered structure or a structure 1n which the nanoscale
multilayered structure 1s repeatedly laminated at least two
times, the nanoscale multilayered structure including a thin
layer A, a thin layer B, a thin layer C, and a thin layer D
having layer thicknesses of 3 nm to 20 nm. Typically, as the
intervals between the nanoscale multilayers are reduced, the
generation and movement of dislocations are suppressed
such that the thin film 1s strengthened. When the thickness
of the thin layer 1s less than 3 nm and thus excessively thin,
the boundaries, which are between the nanoscale multilayers
and suppress the generation and movement of dislocations,
become ambiguous such that a mixing zone 1s formed
through 1nterdiffusion between the two layers. Conse-
quently, the hardness and elastic modulus are reduced, and
thus 1t 1s advantageous for the thickness to be no less than
3 nm. When the thickness exceeds 20 nm, the generation of
the dislocations becomes easier and the movement of the
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dislocations becomes easier. Thus, the hardness and elastic
modulus are reduced and, due to the formation of misfit
dislocations, there 1s a decrease in the coherency strain
energy, which may be accompanied by a decrease in the
strengthening eflect. Therefore, the thickness 1s desirably 3

nm to 20 nm. The laminated structure of the thin layer may
be laminated to be various forms such as A/B/C/D, A/D/C/B,
B/A/D/C, or D/A/C/B, and a form in which the first layer

does not contact the C layer, and the B layer or the D layer
1s disposed between the A layer and the C layer 1s desirable.

Moreover, the thin layer A 1s desirably composed of an
AlTiS1 nitrnide having a composition of Al,_, Ti1,S1.
(0.3=b=0.7, O=c=<0.1). This 1s because, when the content (b)
of T1 1s less than 0.3, the brittleness increases due to the
formation of a phase having a hexagonal B4 structure, and
thus the wear resistance 1s reduced and the lifetime of the
tool 1s reduced, and when the content (b) exceeds 0.7, a
smaller amount of the Al, which has a smaller atomic radius

than Ti, 1s employed by being substituted for the Ti, and
therefore the hardness and wear resistance of the thin film 1s
reduced and 110, oxide 1s more easily formed 1n a high
temperature environment during a cutting operation such
that the T1 elements inside of the thin film may diffuse to the
outside and cause a decrease 1n high temperature hardness
due to the depletion of the Ti elements. In addition, 0.1 or
less content (¢) of S1 may be selectively included 1n the thin
layer A. This 1s because when a small amount (appropriate
amount), that 1s, 0.1 or less content (¢) of S1 1s added, an
amorphous S1,N, phase 1s formed along the grain boundary
of the crystalline AITiIN phase to reduce the size of the
crystalline particles, and thus the hardness and wear resis-
tance are 1mproved. Also, during the high temperature
cutting operation, the amorphous Si1;N, phase may form an
S10, oxide to perform the role of blocking the diffusion of
internal elements to the outside, and thus improve the
lifetime of the cutting tool. However, this 1s because, when
the content (¢) of S1 exceeds 0.1, since the amorphous S1,N,
phase 1s increased such that the hardness 1s reduced and the
particle size-reducing eflect of the crystalline AITiN phase 1s
reduced, the S1 may cause the wear resistance to be reduced.

Furthermore, the thin layer B and the thin layer D are
desirably composed of a TiAl nitride having a composition
of T1,_,Al, (0.3=d=<0.7). This 1s because, when the content
(d) of Al 1s less than 0.3, a smaller amount of the Al, which
has a smaller atomic radius than Ti, 1s employed by being
substituted for the Ti, and therefore the hardness and wear
resistance of the thin film 1s reduced and T10, oxide 1s more
casily formed 1n a high temperature environment during a
cutting operation such that the T1 elements inside of the thin
f1lm may diffuse to the outside and cause a decrease 1n high
temperature hardness due to the depletion of the T1 elements,
and when the content (d) exceeds 0.7, the brittleness
increases due to the formation of a phase having a hexagonal
B4 structure, and thus the wear resistance 1s reduced and the
lifetime of the tool may be reduced.

In addition, the thin layer C 1s desirably composed of a
AlCr nitride having a composition of Al,__Cr_ (0.3=e<0.7).
When the content (e) of Cr 1s less than 0.3, the msulating
property 1s increased such that direct current (DC) deposi-
tion 1s difficult due to the characteristics of the equipment,

and hcp-AlCrN 1s formed mnstead of fcc-AlCrN such that
brittleness 1s increased, and thus the wear resistance 1is
reduced and the lifetime of the tool 1s shortened. When the
content (e) exceeds 0.7, a coarse thin film structure is
formed, and at the same time, segregation of Cr,N occurs
during an operation, such as a cutting operation, which 1s
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accompanied by high temperature such that the wear resis-
tance 1s reduced and the lifetime of the tool 1s reduced.
Theretore, the content (x) of Cr 1s desirably 0.3 to 0.7.

Moreover, 1t 1s a diflerentiating feature of the hard coating
film of the present invention 1n that, in terms of the nitride
that forms the lower layer (the first layer), which 1s adjacent
to the base material, and the nanoscale multilayer (the
second layer), the repetitively laminated structure 1s formed
while setting the nitrogen content 1n the lower layer (the first
layer) to be 1n a state which 1s higher than the nitrogen
content in the nanoscale multilayer (the second layer).
(Desirably, the nitrogen content 1n the first layer 1s at least
10% higher, by atomic percentage, than the second layver.)
Theretfore, without significantly reducing the toughness, the
content of the metal component in the nanoscale multilayer
(the second layer), which 1s mainly for wear resistance, may
be further increased to improve the overall wear resistance
of the hard coating film.

As above, a feature of the present imnvention 1s that the
toughness, wear resistance, and also the chipping resistance
and lubricity may be improved in the entirety of the hard
coating film by including a TiAl nitride 1n the lower layer
(the first layer) adjacent to the base material 1n order to
improve the toughness (shock resistance) and having a
nanoscale multilayered structure (the second layer) that
includes the thin layers A, B, C, and D 1n order to improve
the wear resistance, and by alternately/repeatedly laminating
the lower layer and the wear resistant layer and controlling,
the nitrogen content 1n the first layer and the second layer so
as to be different.

Moreover, another feature 1s that the wear resistance may
be improved through control of the composition between
cach of the layers while having as the nanoscale multilayer
(the second layer), a combination of TiAIN, AITiN, or
AlCrN based coating films.

The Al content in the thin layer A must differ from the Al
content 1n the thin layer B, and the difference in the Al
content 1s desirably maintained at 0.1 or higher. This 1s
because when the difference 1n the Al content 1s below 0.1,
the diflerence 1n the elastic coeflicient due to a change 1n the
composition between nanoscale multilayers 1s not large, and
thus there 1s a decrease in the strengtheming effect of the thin
film. In consideration of the above-given reasons for limit-
ing values with respect to the compositions of thin layer A

and thin layer B, 1t 1s advantageous for the diflerence in the
Al content to be maintained at 0.1 to 0.2.

Moreover, the ratio of the thickness of the first layer to the
thickness of the second layer (T,/T,) 1s desirably maintained
to be at least 0.1 and less than 1.0. The reason being that
when a crack 1s generated due to the application of a shock
to the thin film, the repeated/alternated lamination of the
second layer, which 1s a hard layer, and the first layer, which
a soft layer, has the eflect of delaying the crack from
propagating to the deeper layers, but when the thickness of
the first layer 1s excessively thin (that 1s, below O. 1) com-
pared to the thickness of the second layer the effect of
delaying the propagation of the crack 1s poor, and when the
thickness of the first layer 1s thick compared to the thickness
of the second layer (that 1s, at least 1.0), the eflect of
delaying the propagation of the crack 1s high, but the wear
resistance of the entire thin film may be reduced due to the
first layer, which 1s the soit layer, being thicker.

In addition, the thickness of the hard coating film 1n which
the first layer and the second layer are alternately laminated

1s desirably 1.0 um to 20.0 um.

EXAMPL

(Ll

In an embodiment of the present invention, arc ion
plating, which 1s a physical vapor deposition (PVD) tech-
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nique, was used to coat a thin film having a structure such
as FIG. 1 on a hard base material which includes cemented
carbide, cermet, high speed steel, or drills, and the like.

Specifically, an arc target of Al'Ti, TiAl, or AlCr was used
as the target used 1n the coating, the 1nitial vacuum pressure
was obtained by reducing the pressure to 8.5x107> Torr or
lower, and N, was introduced as a reactant gas. Moreover,
while coating, the gas pressure for the coating was main-
tained at 30 mTorr or lower, desirably 20 mTorr or lower, the
coating temperature was 400 to 550° C., and a substrate bias
voltage of -20 V to -150 V was applied. Such coating
conditions may be modified according to the properties and
conditions of the equipment.

In an embodiment of the present invention, a single layer,
which 1s a toughness layer, and a nanoscale multilayer,
which 1s a wear resistant layer, were repeatedly and alter-
nately laminated using the above coating conditions. Here,
the hard thin film was obtained by alternately laminating a
T1,_ Al N film as the single layer (toughness layer), and each
of a unit layer of Al T, N film (thin layer A), a unit layer
of T1i Al,_N film (thin layer B), a umt layer of Al, Cr N
film (thin layer C), and a unit layer of Ti Al,_N film (thin
layer D) using the laminating intervals (number of cycles)
given 1n FIG. 3.

Moreover, mn an embodiment of the present mmvention,
when forming the single layer (toughness layer) and the
nanoscale multilayer (wear resistant layer) composed of the
thin layer A, the thin layer B, the thin layer C, and the thin
layer D, the toughness layer was controlled to have a higher
nitrogen content than the wear resistant layer. Here, control
of the nmitrogen content 1s achieved through a method 1n
which the content of nitrogen being introduced as a process
gas during the coating was continuously controlled mside of
a pressure-controlled coating furnace.

Specifically, as illustrated 1n FIG. 2, when the coating
layer was formed on a rotating object to be coated by
arranging the targets for coating inside of the coating furnace
on four sides so as to face each other and the object to be
coated was rotated in the center of the coating furnace to
face the targets for coating, and then a high current was
applied to the targets for coating to evaporate the targets for
coating and the evaporated targets for coating with the
nitrogen gas which 1s introduced mto the coating furnace
were evaporated, the content of nitrogen included in the
single layer and the nanoscale multilayer which were formed
were controlled to be different in an embodiment of the
present invention through a method 1 which the nitrogen
content introduced was increased when depositing the single
layer and the nitrogen content introduced was decreased to
be lower than the single layer when depositing the nanoscale
multilayer.

Moreover, the hard coating film according to an embodi-
ment of the present invention uses physical vapor deposition
(PVD), and thus a thin film may be applied to a thickness of
up to about 20 um.

In addition, 1n an embodiment of the present invention,
the hard coating film according to an embodiment of the
present invention 1s formed on the surface of the hard base
material, but another coating film layer may be additionally
formed between the hard base material and the hard coating
film according to an embodiment of the present imvention.

Also, a total of four types of hard coating films were
formed for comparison with the thin film according to an
embodiment of the present invention.

Of these, each of specimen numbers 1 to 4 was a hard
coating film composed of a single layer of T1AIN, AI'TiN, or
AlCrN and formed to a thickness of about 4 um. These were
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for comparing the physical properties with the multilayered
hard coating film. Moreover, each of specimen numbers 5 to
8 was a hard coating film formed to a thickness of about 4
um by alternately laminating T1AIN/AICrN about 18 to 20
times. These were for comparing the single layer coating
film with the structure in which the single layer and the
multilayered hard coating film were alternately laminated.
Furthermore, specimen numbers 9 and 10 were hard coating
films formed to a thickness of about 4 um by alternately
laminating four of the thin films such as AITIN/T1AIN/
AlICrN/T1AIN. These were for comparing the single layer
coating film with the structure in which the single layer and
the multilayered hard coating film were alternately lami-
nated. In addition, specimen numbers 11 and 12 were hard
coating films formed to a thickness of about 4 um through
alternated lamination of a single layer of TiAIN and a
multilayered structure composed of three thin films, that 1s,
AITIN/AICrN/T1AIN. These were for comparing the single
layer of T1AIN according to an embodiment of the present
invention with the alternately/repeatedly laminated structure
of the multilayered structure composed of four thin films.
Moreover, specimen number 13 has the same laminated
structure as an embodiment of the present invention, but 1s
for comparing the differences 1n the physical properties to
the hard coating film when the difference in the nitrogen
content 1n the first layer and the second layer diflers from the
present mvention.

FIG. 4 displays the results from EDX analysis for each
layer 1in the 21 samples. As observed 1n FIG. 4, 1n the case
of the nitride according to an embodiment of the present
invention, the first layer (single layer) 1s controlled to
contain at least 10% more nitrogen, by atomic percentage,
than the second layer (multilayered structure) through the
method described above.

Evaluation of Microhardness and Coeflicient of Friction

In order to evaluate the hardness of the total of 21 hard
coating films prepared as above, heat treatment was used for
heat treating under condition of 900° C. for about 30
minutes, and then the microhardness of the hard coating film
before and after the heat treatment was measured using
Fischerscope (HP100C-XYP; Germany HELMUT FIS-
CHER GMBH, 1S014577).

<Microhardness Test Conditions>

Load: 30 mN

Unload: 30 mN

Load time: 10 sec

Unload time: 10 sec

Creep time: 5 sec

In addition, the coeflicient of friction according to the
sliding distance was measured through a ball-on-disc test
using a CETR UMT-2 micro-tribometer (ball (material
S1;N,, diameter 4 mm, hardness HV 5,,1600) rotated for 60
cycles).

<Coellicient of Friction Test Conditions>

Temperature: 20-25° C.

Relative humidity: 50-60%

Rotation speed: 318 rpm (10 m/min)

Moreover, 1n order to observe the crack resistance (tough-
ness) of the thin film, the length of the crack generated by
applying a diamond indenter having a load of 30 kgt was
measured.

FIG. 5 displays the results from the above evaluation. As
observed 1 FIG. 35, the hardness of the hard coating film
according to an embodiment of the present invention was
among the highest, and almost no aging occurs at high
temperatures. Moreover, in terms of the coethicient of fric-
tion, the hard coating film according to an embodiment of
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the present invention was somewhat higher than the single
layer of AICrN, but may be observed to be lower than the
other hard coating films. Furthermore, 1n terms of the crack
length which represents the toughness of the thin film, equal
or better toughness was exhibited compared to the hard
coating films other than the specimen composed of the
single layer of AICrN and specimens 16 and 17 1n which the
single layer of AICrN and the multilayered structure were
repeatedly laminated. Therefore, 1t may be known that the
hard coating film according to an embodiment of the present
invention exhibits both hardness and toughness.

Evaluation of Wear Resistance

In order to evaluate the wear resistance of the hard coating
film prepared according to FIG. 3, results from evaluating
the milling cutting performance under two different condi-
tions are shown. The conditions for the first cutting perfor-
mance evaluation were as follows.

Workpiece: carbon steel (SM43C, carbon steel milling)

Sample type number: SPKN13504EDSR(ISO)

Cutting speed: 200 m/min

Cutting feed rate: 0.3 mm/tooth

Cutting depth: 2 mm

In the above cutting test, the wear was mostly due to
tusing and adhesive wear of chips produced when process-
ing carbon steel, and the eflect that the lubricity (coethicient
of friction) of the thin film has on the cutting performance
may be considered the largest variable.

FIG. 6 displays the results from the carbon steel milling
test. As observed 1n FIG. 6, the hard coating film according,
to an embodiment of the present invention has both high
hardness and a low friction coeflicient, and thus 1n all cases
the end of the lifetime was caused by normal wear, but for
cach of the specimens of comparative examples 1 to 12, the
end of the lifetime was caused by abnormal wear such as
damage, chipping, or excessive wear.

Next, 1n order to evaluate the milling cutting performance
of the hard coating film, which 1s prepared according to FIG.
3, with respect to the alloy steel, the cutting performance
was evaluated under the following conditions.

Workpiece: alloy steel (SCM440, alloy steel milling)

Sample type number: SPKN13504EDSR (ISO)

Cutting speed: 200 m/min

Cutting feed rate: 0.3 mm/tooth

Cutting depth: 2 mm

Typically, when processing alloy steel, the wear 1s mostly
due to mechanical friction wear, and thus the wear resistance
(hardness, oxidation resistance) of the thin film may be
considered a large variable.

FIG. 7 displays the results from the alloy steel milling test.
As observed 1n FIG. 7, 1n all of the cutting performance tests
using the alloy steel, the end of the lifetime of the hard
coating film according to an embodiment of the present
invention was caused by normal wear, but the end of the
lifetime of the hard coating films according to comparative
examples 1 to 17 were all caused by abnormal processes,
and thus were observed to have a significantly lower cutting
lifetime than the present mnvention.

Evaluation of Toughness

In order to evaluate the toughness of the hard coating film
prepared according to FIG. 3 in an actual cutting environ-

ment, the results from evaluating the milling shock resistant
cutting performance (1interrupted evaluation) were evaluated
under the following conditions. The evaluation was carried
out until the mnsert was damaged.
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Workpiece: alloy steel (SCM440, alloy steel group 3
partition plate milling)

Sample type number: SPKN1304EDSR (ISO)

Cutting speed: 200 m/min

Cutting feed rate: 0.2 mm/tooth

Cutting depth: 2 mm

FIG. 8 displays the results from the alloy steel group 3
partition plate milling test. As observed in FIG. 8, the same
level of cutting lifetime distance of at least 8 m 1s exhibited
by the hard coating film according to an embodiment of the
present invention, and by comparative examples 13 to 17,
which have the same laminated structure as an embodiment
of the present mvention. Such cutting lifetimes may be
observed as being significantly better than the other hard
coating films.

Evaluation of Lubricity and Chipping Resistance

In order to compare the drilling properties of the hard
coating film prepared according to FIG. 3, the drilling
cutting performance with respect to carbon steel was first
evaluated as follows. Typically, drilling has a lower cutting
speed than milling and 1s carried out 1n wet conditions, and
thus the lubricity (fusing resistance) and chipping resistance
of the insert are extremely important. Among these, the end
of the lifetime caused by wear due to fusing and chipping 1s
the largest variable when drnlling carbon steel.

Workpiece: carbon steel (SM45C, carbon steel drilling)

Sample type number: SPMTO7T208/XOMTO7T205 (in-
dexable drill msert, 20P-5D)

Cutting speed: 150 m/min

Cutting feed rate: 0.1 mm/rev

Cutting depth: 90 mm (penetration)

FIG. 9 displays the results from the carbon steel drilling
test. As observed 1n FI1G. 9, the end of the lifetime of the hard
coating film according to an embodiment of the present
invention was caused by normal wear, and the end of the
lifetime of comparative examples 13 to 17, which have the
same laminated structure as an embodiment of the present
invention was also caused by normal wear. Therefore, 1t may
be observed that the hard coating film according to an
embodiment of the present invention may also be appropri-
ately used 1n the dnlling of carbon steel.

Next, in order to compare the drilling properties of the
hard coating film according to FIG. 3 with respect to the
alloy steel, the cutting test was performed under the follow-
ing conditions. In the dnlling of alloy steel, the end of the
lifetime caused by the mechanical wear/friction of the

outermost portion of the insert and the chipping of the
innermost portion 1s the largest variable.

Workpiece: alloy steel (SCM440, alloy steel drilling)

Sample type number: SPMTO7T208/XOMTO07T1205 (in-
dexable drill msert, 20P-5D)

Cutting speed: 150 m/min

Cutting feed rate: 0.1 mm/rev

Cutting depth: 90 mm (penetration)

FIG. 10 displays the results from the alloy steel drilling
test. As observed 1n FIG. 10, 1t may be seen that i the
drilling cutting test of the alloy steel, the lifetimes of all of
the hard coating films, other than the hard coating film
according to an embodiment of the present invention, were
ended abnormally.

Through the results of various cutting tests such as above,
it was confirmed that for the hard coating film according to
an embodiment of the present invention, the overall tough-
ness (shock resistance), chipping resistance, and lubricity,
and the like, may be improved while also greatly improving,
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in particular, the wear resistance such that improved lifetime
properties may be obtained, even under varied cutting con-
ditions.

The 1nvention claimed 1s:

1. A hard coating film for cutting tools, the hard coating
film being formed on the surface of a base material and
comprising a structure in which a first layer and a second
layer are alternately laminated at least two times, wherein:

the first layer 1s composed of a TiAl mitride having a

composition of T1,_ Al (0.3=<a<0.7); and

the second layer has a nanoscale multilayered structure or

a structure 1n which the nanoscale multilayered struc-
ture 1s repeatedly laminated at least two times, the
nanoscale multilayered structure including a thin layer
A, a thin layer B, a thin layer C, and a thin layer D
having thicknesses of 3 nm to 20 nm, where:

the thin layer A 1s composed of an AlTiS1 nitride having

a composition of Al,_,__T1,51. (0.3<b=<0.7, 0=c=0.1),
the thin film B and the thin film D are composed of a T1Al
nitride having a composition of T1,__Al , (0.3=d=<0.7),

10
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the thin film C 1s composed of a AlCr nitride having a
composition of Al, Cr, (0.3=e<0.7),

the aluminum (Al) content in the thin layer A differs from
the aluminum content in the thin layer B, and

the nitrogen content in the first layer 1s at least 10%
higher, by atomic percentage, than the second layer.

2. The hard coating film of claim 1, wherein:

in the first layer, the total nitrogen content with respect to
metallic substances 1s (T1Al), N (0.4=x<0.6); and

in the second layer, the total nitrogen content with respect
to metallic substances 1s (AlITiCrS1), N (0.1 =y=0.5).

3. The hard coating film of claim 1, wherein:

the ratio of the thickness of the first layer to the thickness
of the second layer (T,/T,) 1s at least 0.1 and less than
1.0; and

the thickness of the alternately laminated structure of the
first layer and the second layer 1s 1.0 um to 20.0 um.

4. The hard coating film of claim 1, wherein the nanoscale

multilayered structure has the thin layers A, B, C and D
which are laminated 1n this order.
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